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ABSTRACT
Aquatic systems are subjected to disturbances of various types, including natural and
anthropogenic, or can deteriorate due to accumulating unfavorable conditions, including receding
banks, decreasing riparian vegetation, and disrupted flow patterns. An analysis was done on a
variety of streams in central Illinois that experienced one or multiple anthropogenic disturbances
without remediation to determine the natural recovery dynamics of each system. A separate
analysis was performed on a multi-site restored stream with a complex restoration project with a
variety of restoration methods. This data were collected over at periods of time spanning from 515 years, including time prior to disturbance/restoration and post-disturbance/restoration. Each
study included a control site in which to compare disturbed or restored sites. Data collection
included fish composition, fish density (catch per unit effort), and index of biotic quality (IBI).
Analyses included NMS ordination and Euclidean distances. I found that the more disturbances
a system experiences, the less it recovers to its original composition and potentially shifts to a
new community. Large shifts were experienced in community metrics immediately after the
disturbance. Additionally, after about

36 months or sooner post-disturbance,

most streams

returned to or close to pre-disturbance conditions in regards to species richness, fish density, and
ffil. Additionally, there appeared to be a level of relative stasis after about

36 months post

disturbance. In systems with two or fewer disturbances, community metrics surprisingly
improved past pre-disturbance conditions. In the restored sites, there appeared to be large
amounts of variation between sites and treatment methods, making definitive conclusions
difficult to attain. All restoration sites displayed large-scale changes in species abundance, both
increases and decreases, and variable colonizations and extinctions as a result of restoration.
Control sites for restoration assessment exhibited minimal shifts in composition during pre-
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restoration sampling. However, composition following restoration varied dramatically between
all sampling events with large compositional shifts occurring through the last sampling event.
The large amount of variation in data suggest that this restoration was only moderately effective,
at least to date. In conclusion, disturbed sites should be monitored for at least three years to fully
understand its recovery dynamics and to determine whether active restoration efforts are
warranted. Sites that do not recover during this time frame will likely require direct intervention
to achieve recovery. Collectively, such information will help fisheries managers to better predict
whether a proposed restoration project will be successful based on previous data.
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fNTRODUCTION
Fish assemblages are complex systems in regards to the number of abiotic and biotic
factors that are involved with their structure and function. As a result, assessing fish
communities and its dynamics can be a challenge, especially when it experiences adverse
conditions. Aquatic systems may be subjected to a variety of disturbances, both natural and/or
anthropogenic (Bash and Ryan 2002), causing receding banks, decreasing riparian vegetation,
and disrupted flow patterns. These disturbances can cause a multitude of issues for these
systems, including changes to population dynamics, species interactions, and community
structure (Martin et al. 2012).

The resultant is shifts in resource availability and opportunities

for newly colonizing species to occupy the disturbed community (Zamor et al. 2014).
Acute industrial, municipal, and/or agricultural discharge events are typical causes of
anthropogenic disturbances, typically referred to as pulse disturbances (Schulz and Costa 2015).
Recovery of the fish community may be rapid (happening in months) or take many years
depending on type, scale, and timing of the disturbance (Piller and Geheber 2015).
Quantification of fish assemblage recovery represents invaluable information that can directly
improve assessment of ecosystem recovery and management (Lamy et al. 2015). This type of
information is increasingly sought out for its usefulness in interpreting and predicting stream
dynamics (Burdon et al. 2016). Although anthropogenic aquatic disturbances are commonplace
(Kubach et al. 20 I I), these effects receive much less attention than terrestrial systems (Phillips
and Johnston 2004). The recovery process of aquatic systems is typically oversimplified and are
not fully understood to the level necessary to be proficient at resolving the posed complications.
Stream fish assemblages provide exceptional models for investigating interspecific
patterns of fish colonization and recovery because fish species vary greatly in colonization and
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recovery rates and are important for ecosystem health (Albanese et al. 2009). Understanding the
dynamics of fish community recovery can provide guidelines for fisheries management
(Albanese et al. 2009, Stanford et al. 2018), establish criteria for water quality standards, and
evaluate the successfulness of restoration efforts (Adams et al. 2005). With the goal of returning
the system to the state prior to degradation (Rey Benyas et al. 2009), it is necessary to understand
the dynamics of recovery for a stream so they may provide the most beneficial restoration
outcome. Restorations may act as disturbances themselves

so

improper implementation can

cause adverse and undesirable effects (Davidson and Eaton 2013).
Restoration efforts can be either passive (removal of damaging source) or active (actions
implemented to mitigate harmful effects) (Rey Benayas et al. 2009, Mccrackin et al. 2017, Meli
et al. 2017). Recent meta-analysis of restoration projects has shown that only 20% of restoration
projects receive any type of post-restoration monitoring (Bernhardt et al. 2005), and the majority
with monitoring have a lack of improvement to the system (Stanford et al. 2018). Without this
information, there is nothing to guide fisheries managers toward making educated decisions are
how to most appropriately mitigate these situations. Our mitigation has the potential to cause
effects worse that the original disturbance. Restorations take a notable time, money, and
coordination and without adequate information on its dynamics, these efforts may be severely

misused and wasted.
This thesis explores the multifaceted process of stream recovery and restoration. It is
evident from past research that successful restoration is largely dependent of knowledge of
stream recovery dynamics. That knowledge allows for more proper restoration decisions and
implementation for well-understood aquatic systems. My first objective for this thesis is to
provide insight regarding the natural recovery process of stream fish assemblages via analyzing
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the recovery of a variety of streams among a variety of anthropogenic disturbances.
Additionally, these results will be compared to an undisturbed control system to verify that the
shifts in community observed are a direct effect of the disturbance. This information will be
necessary to target restoration efforts and resources in systems where community reassembly
does not occur. Secondly, I will assess the level of success or failure of a restoration project
implemented in a biologically significant stream with both pre- and post-restoration data for
restored and control sites. This data will be analyzed using fish composition, fish density, biotic
quality, and compositional shift. With this knowledge, more information will be available as to
the predictability of a stream's natural recovery and to supply more efficient and satisfactory
restoration projects to be implemented.
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RECOVERY OF RIVERINE FISH ASSEMBLAGES AFTER ANTROPOGEN1C
DISTURBANCES
ABSTRACT
Disturbances within communities are common, but the recovery of riverine fish
assemblages to anthropogenic fish kills is rarely documented. To determine how rapidly or
whether recovery occurs without further mitigation, complete quantification of the fish recovery
process is needed. I evaluated the temporal dynamics of six streams located in central Illinois,
including impacted systems and an undisturbed control system. Data analysis included pre- and
post-kill comparisons of species richness, catch per unit effort (CPUE), and index of biotic
integrity (ffil) and used non-metric multidimensional scaling (NMS) to visually compare
compositional shifts. r found that richness and IBI experienced dramatic shifts within the first
year after the disturbance event, while CPUE remained relatively consistent among sampling
events. Interestingly, local extinction following a kill event was not limited to only rare species,
with some large components of the local community also impacted. There were also multiple
colonizations of new species that followed the perturbation. NMS revealed that some streams
experienced small compositional changes, similar to those of the control system, while other
streams experienced large and continued compositional shifts. Lastly, the rate of compositional
change decreased significantly with time since disturbance in all locations, especially within the
first year. My results support the importance of regular stream monitoring to have a strong
understanding of a stream's baseline dynamics if a disturbance were to occur. Additionally,
disturbed sites should be monitored for at least three years to fully understand its recovery
dynamics and to determine whether active restoration efforts are warranted. Sites that do not
recover during this time frame will likely require direct intervention to achieve recovery.
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INTRODUCTION
Aquatic systems may be subjected to disturbance of various sources, including natural
and anthropogenic (Bash and Ryan 2002), that may impact fish assemblages (Peterson and
Bayley 1993, Ensign et al. 1997, Zamor et al. 2014). Overexploitation, pollution, and habitat
modification have resulted in declines in freshwater biodiversity, with a greater impact in lotic
rather than lentic systems (Thompson et al. 2018). These disturbances result in changes to
population dynamics, species interactions, and community structure (Martin et al. 2012),
resulting in shifts in resource availability and opportunities for newly colonizing species to
occupy the disturbed community (Zamor et al. 2014). Natural or anthropogenic disturbances
commonly result in community shifts to a dramatically new community or a variation of the pre
disturbance community (Broadway et al. 2015). If a disturbance is severe enough, many species
may be locally eliminated due to their lack of physiological resistance to the perturbation.
Additionally, less dominant species may recolonize following the perturbation, replacing species
that had originally suppressed their population size through predatory or competitive processes
(Lamy et al. 2015).
Anthropogenic perturbations to aquatic systems are often caused by acute industrial,
municipal, and/or agricultural discharge events. These perturbations are referred to as pulse
disturbances because they can rapidly impact fish communities and are discrete events that are
shorter than the maximum lifespan of the longest lived species in the affected area (Schulz and
Costa 2015). Recovery of the fish community may be rapid (happening in months) or take many
years depending on type, scale, and timing of the disturbance (Piller and Geheber 2015).
Changes to fish assemblage structure may alter critical ecosystem services including
productivity, nutrient cycling, and resistance to invasion (Mcintyre et al. 2008, Martin et al.
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2012).

Alteration to these services could result in extreme impairment of the stream system,

highlighting the importance to understanding natural processes of recovery.
Recovery is the ability of an assemblage to repopulate following a disturbance and
involves the accelerated production of new individuals within a disturbed site and/or
recolonization of the disturbed area from surrounding fish populations (Ross 2013).
Quantification of fish assemblage recovery represents invaluable information that can directly
improve assessment of ecosystem recovery and management (Lamy et al. 2015). This type of
information is increasingly sought out for its usefulness in interpreting and predicting stream
dynamics (Burdon et al. 2016). The effects of disturbance events on community dynamics and
recovery are commonly studied in terrestrial systems (Pickett and White 1985; White and
Jentsch 200 l ). Despite the commonness of aquatic disturbances (Kubach et al. 2011), these
potentially critical forces receive much less attention than their terrestrial counterparts (Phillips
and Johnston 2004). Aquatic system recovery can be difficult to understand due to limited
availability of pre-disturbance data for impacted sites (Piller and Geheber 2015), high variability
in recovery times (Verdonschot et al. 2013), and the spatial and temporal variability that
characterize these systems (Albanese et al. 2009, Martin et al. 2012). Furthermore, many
pressures may act on an aquatic ecosystem simultaneously, which make isolating disturbance
effects difficult (Kruk et al. 2017).
Stream fish assemblages provide exceptional models for investigating interspecific
patterns of fish colonization and recovery because fish species vary greatly in colonization and
recovery rates and are important for ecosystem health (Albanese et al. 2009). Understanding the
dynamics of fish community recovery can provide guidelines for fisheries management
(Albanese et al. 2009, Stanford et al. 2018), establish criteria for water quality standards, and
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evaluate the successfulness of restoration efforts (Adams et al. 2005). Management of streams
after an anthropogenic disturbance is a combination of passive (allowing natural recovery) or
active (habitat improvement) restoration efforts (McCrackin et al. 2017, Meli et al. 2017).
Unfortunately, restoration protocols are not always effective or successful (Sundermann et al.

2011, Haase et al. 2013) and natural recovery may not be sufficient. Many studies focus on
recovery following the implementation of restoration efforts, without incorporating the natural
resilience and resistance of the fish assemblage to disturbance (Thomas et al. 2015, Hockendorff
et al. 2017, McCrackin et al. 2017, Nuttle et al. 2017, Thompson et al. 2018).
The focus of this study was to assess how riverine assemblages respond to anthropogenic
disturbances (fish kills) both functionally and structurally, to determine the degree and rate of
natural recovery. Furthermore, I compared the dynamics of disturbed systems to an undisturbed
reference site to determine whether regional shifts in fish assemblages unrelated to disturbance
had occurred. Environmental managers are often asked to develop conservation plans, but first,
there must be a reasonable understanding of the factors that influence fish population and
community recovery (Albanese et al. 2009).

Therefore, this study provides insight regarding the

natural recovery process that may provide fisheries managers with information critical to making
appropriate restoration decisions. Active restoration efforts may not be needed if the fish
assemblage naturally returns to a pre-disturbance state relatively quickly after a disturbance.
Understanding fish assembly dynamics is necessary to target restoration efforts and resources in
systems where community reassembly does not occur.
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METHODS

Study Sites and Sampling
Six riverine fish assemblages in Illinois were sampled for this study: Beaver Creek (BC),
Hooper Branch {HB), Kickapoo Creek (KC), Lone Tree Creek (LT), Riley Creek (RC), and
Hurricane Creek (HC; Table 1). All sites, except HC (reference site), experienced an
anthropogenic fish kill (disturbance) resulting from a variety of material releases (Table 2).
Having no recorded disturbances for HC, this site should portray fish assemblage changes
responding to regional and climatic variation only. Of the disturbed sites, RC experienced
sequential fish kills at the same site in different years (RC1 and RC2), and LT experienced the
same perturbation in three different years (2003, 2004, and 2010) at two different sites in the
same stream (LTI and LT2; 8.17 km apart). Here, I only analyze recovery following the 2010
kill for the LT sites because there was not pre-disturbance data prior to the 2003 disturbance.
For each site, pre-disturbance fish assemblage data were available as a part of normal stream
monitoring. For LTl and LT2, I used data from a 2008 sampling event as the pre-kill referenc·e
for LT sites. RC sites experienced a kiU in 2001 (RC1) and 2003 (RC2). By the sampling event
in September 2003, the fish assemblage appeared to have reached relatively stable conditions and
was used as the pre-kill reference data for the later October 2003 fish kill for RC2.
Pre-

and post-disturbance data varied depending on site and time of year, with post-kill

sampling typically beginning about two months after the fish kill event. When there were
multiple samples available prior to the disturbance event, compositional data were averaged for
the site to generate a single reference. To standardize data sets, I report all time as months after
the kill.

All

sites were sampled by electric seine, except BC, HB, and LT2. BC was sampled by

3,000-watt AC boat electrofishing methods, and HB and LT2 were sampled by backpack
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electrofishing due to differences in stream size. From the fish collected, proportional fish
composition, total fish catch, and index of biotic integrity

(IBI) were determined. Catch per unit

effort (CPUE) was used to determine fish density and to standardize for variation in effort with
relative abundances used for compositional data. Relative abundances allowed for determination
of the degree of compositional shift among all sites in relation to each other as a proportion of
their original composition (a baseline of zero). As the streams were followed for varying lengths
of time following the disturbance events,

I disregarded any sampling events after 60 months in

this analysis, allowing more comparable results across all studies. Beyond

60 months, most sites

experienced only minor compositional changes.

Data Analysis
To determine compositional shifts within the sites, non-metric multidimensional scaling
(NMS) ordination was conducted in two-dimensions on loglO + 1 transformed data using PC

ORD (McCune and Grace 2002). Species that occurred fewer than four times across all
sampling events were removed from this analysis as uninformative. To assess the rate of
compositional changes, Euclidean distances between NMS coordinates for adjacent times were
determined for each site.
To assess direct recovery of composition, log10 +

1 transformed CPUE data were

analyzed to determine loss and gain of species due to the perturbation. Because of the apparent
achievement of stasis at

36 months post-kill, I chose that time to assess compositional recovery

plotting the pre-kill average for each species versus the post-kill sampling closest to
post-kill. Any data point above the

36 months

1: 1 line represents an increase in a species' abundance and

any data point below the line represents a decrease. In this display, data points on the y-axis line
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indicated a new species colonization and data points on the x-axis line represented an extinction
event of a species present before the disturbance. Association between the two temporal samples
(last sampling event prior to disturbance and the sampling event closest to 36 months post
disturbance) was assessed with Pearson correlation on log IO + 1 data.
To assess the mechanism of fish community recovery, I compared fish length
distributions using a Mann-Whitney U test to analyze whether there were changes between pre
disturbance populations and those sampled one year after the kill. This analysis determined
whether recolonizing individuals drew from the same life stages as pre-disturbance conditions or
if different stages were responsible for recolonization. The five most abundant species pre-kill
were selected for each site for this analysis. Smaller size distributions would indicate recruitment
ofjuveniles while larger size distributions would indicate movement of larger individuals from
the surrounding landscape.

RESULTS
Community Metrics

All sites experience large depressions in species richness immediately following
disturbance (Figure 1 ). Following this initial change, there were large shifst in richness after the
kill, followed by relative stasis across sites after approximately 36 months. Sites that
experienced more than one perturbation (RC2, LTl and LT2) recovered to richness values
substantially below pre-disturbance conditions. Additionally, both LT locations experienced the
greatest percent decrease (61.8%) in species richness of all sites from pre-kill

data to

the last

post-kill sampling event (Table 2).
After an initial depression immediately after the disturbance, fish density (CPUE)
remained relatively consistent among post-kill sampling events with minimal shifts from pre-
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disturbance conditions (Figure

1). RCl experienced a substantially larger increase in CPUE than

other sites, but still appeared to stabilize 17 months after the kill well above pre-disturbance
conditions. Each site reached relative stasis in CPUE by approximately

36 months after the fish

kill. RC I, which was only sampled 27 months after the disturbance also appeared stable by then.
IBI changed dramatically in the first few months following disturbance, similar to the
response of species richness, persisting up to about a year after the kill, followed by an extended
period of relative stasis in stream fish quality after 36 months (Figure

1). Surprisingly, the IBI

values of RCI and RC2 initially increased past original values in the first sampling event after
the kill and maintained these above pre-kill values. Most sites ultimately attained greater IBI
values than before the disturbance about two years after the fish kill. The exceptions were LTl
and LT2, which remained below pre-kill values in almost all subsequent sampling events.

Individual Species Recovery
The species abundances of all sites were significantly correlated (p-value <

0.05), except

HB, RC l, and LT2, between the two temporal samples (pre- and post-restoration). Because of
the apparent achievement of stasis in all impacted systems after 36 months, I chose that time
range to assess compositional recovery (return to pre-disturbance abundance) of individual
species (Figure 2). A randomly selected three-year period was also chosen for the control
system. As expected, the undisturbed HC site experienced minimal compositional shifts over
time, with the majority of the data points reasonably close to the

1: 1 line and only four species

extinctions and two colonizations. Other time periods were qualitatively similar for this stream.
The greatest recovery to pre-kill conditions occurred in KC with minimal extinctions and all
species positioned relatively close to the

1:1 line. Many species in this site were actually more
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abundant following the disturbance, however, their relative abundances remained fairly similar.
All remaining sites experienced much larger shifts in composition following disturbance,
including both large decreases and increases in species abundance. Furthermore, there was a
substantial number of species that went extinct (species on the x-axis), especially for LT2, and
new species colonizations (species on the y-axis). Interestingly, species extinction was not
restricted to the rarest members of the community, and some of the new colonists became local
dominants, especially in RC 1.

Compositional Recovery
NMS ordination allowed visualfaation of the compositional shifts in two-dimensional
space (Figure

3), revealing marked variation in recovery across the rivers/disturbances studied.

As would be predicted for an undisturbed system, HC had very minor compositional shifts over
the

15 years of observation, indicating little systemic variation in the region. Similar to the

reference stream, there were only slight compositional changes in BC, RCl, RC2 and KC;
remaining compositionally similar to their pre-disturbed conditions after their initial
perturbation. In contrast, HB, LTl , and LT2 had the greatest compositional shifts following
disturbance and did not return to their respective pre-disturbed composition after five years. The
most abundant species were centrally located in the ordination, indicating that they were not
among those causing these shifts but rather more subordinate species were changing.
The rate of recovery also varied dramatically among disturbed sites (Figure

4); however, the

undisturbed HC behaved as expected with a minimal rate of change. BC, HB, KC, and RC2 also
had relatively low rates of compositional change. In contrast, RC 1, LTI, and LT2 had rates of
change initially after the disturbance that were double or triple those of the other sites. These
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higher rates of change dramatically decreased over time to relatively low levels by about two
years post-disturbance and maintained a relative level of stasis after about 36 months.
Mann-Whitney U tests revealed that in the control site, HC, few of the most abundant
species had significant changes in median length between sampling events across a randomly
chosen 12-month time span. Interestingly, each of KC's top five species had significantly
different median length distributions. Three species shifted to smaller median length
distributions and two species experienced an increase. Overall, more than half of the
comparisons between median fish length in each site differed significantly before and after the
disturbance (Table 3). However, there was no apparent pattern in how the median distributions
in fish length changed. The same species may have gotten bigger in one site but smaller in
another, regardless of the time of year in which the kill occurred. For example, the sand shiner
became significantly larger in HC and RC2 a year later but significantly smaller in KC. This
type of trend appeared across all species among all sites leading to no clear mechanism of
recovery.

DISCUSSION
The undisturbed system used as a control remained remarkably unchanged and stable
throughout the 15-year monitoring period, whereas substantial changes were observed in the
disturbed streams. Compositional shifts and loss or gain of species and individuals were
minimal in HC and would reflect the natural fluctuations that represent the baseline for
comparisons with the sites that experienced disturbance. The average number of colonizations in
the undisturbed system within a three-year period was 4.50 and 4.67 for extinctions, similar to
the total colonizations and extinctions over the entire 15-year period of 4.69 and 4.38 species
respectively. In contrast, there was an average of 4.3 colonizations and 7.3 extinctions for
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disturbed sites. The loss and gain of species in the undisturbed system was generally limited to
species in low abundance. The dynamics within the undisturbed system indicate the natural
scale of fish assemblage fluctuations that would occur in these river systems. Variances in
abundance balanced out through time and species composition remained relatively consistent
rather than accumulating directional changes (e.g. variation in recruitment success). Impacted
sites experienced much greater changes in species richness and IDI than the control site. This
further suggests that the compositional shifts observed in disturbed systems was not generated by
regional climatic or temporal variation. Because of this, assemblage responses in the disturbed
sites appear to be a direct cause of the disturbance rather than stochastic changes.
Our current understanding on stream recovery dynamics stems largely from studies
looking at one system experiencing one disturbance or one type of disturbance (e.g. effects of a
single pollution disturbance in one river over a 10-year period (Schulz and Costa 2015). Based
on the variation in dynamics observed in this study, it is clear that some streams have the ability
to recover or even exceed pre-disturbance conditions and to maintain that recovery with no
active remediation. Disturbances here can serve to reset the system and may ultimately improve
environmental conditions, presenting the new fish assemblage with a new environment that
might not have the original constraints such as competition or predation (Adamek et al. 2016).
In this study, it appeared that some systems recovered almost immediately after the disturbance,
within 1-2 years post-disturbance reaching or exceeding pre-disturbance conditions followed by
relative stasis by about 36 months. If recovery was not achieved, stasis still occurred after about
36 months across all sites. However, frequent anthropogenic disturbances appear to decrease
fish assemblage resilience resulting in increased vulnerability to compositional shifts (Broadway
et al. 2015). All sites in this study that experienced only one perturbation recovered community
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metrics (IBI, species richness, fish density) to values exceeding pre-disturbance conditions.
Conversely, in those systems perturbed multiple times, as with Lone Tree Creek and Riley Creek
sites, community metrics were dramatically altered, particularly species richness and IBI. When
comparing Riley Creek sites, RCI had better resilience (ability to recover after a perturbation;
Piller and Geheber 2015) following the perturbation because its composition rebounded
relatively quickly despite the larger impact.

In contrast, RC2 had greater resistance -

ability to

resist changes due to a disturbance (Murry and Farrell 2014) - because composition was less
impacted by the same kill; however, the disturbance was reportedly less severe overall. Lone
Tree Creek sites, which experienced multiple disturbances from 2003-2010, did not recover to
pre-disturbance conditions and seemed to recover even less after the kill in 2010, suggesting less
resistance and resilience.
There was no definitive pattern between the size of the disturbance (fish/km killed) and
the size of compositional shifts, suggesting that perhaps the type of disturbance is more
important than the magnitude. KC had the greatest damage, in regards to fish killed/km, at a
staggering 17,902. The next closest site to that degree of damage is BC and HB at about 4,502
fish/km. Even though the damage to KC was greater, LT only had 2,160 fish killed per km and
both

LT's sites' compositional shifts were dramatically greater than KC. These streams

experienced different types of effluent (furfural or dairy farm runoff), suggesting that dairy farm
effluent might have longer lasting consequences on stream composition than furfural. Data
compiling different categories of disturbance types (e.g. natural, agricultural/animal/industrial
effiuent, dam removal/placement, etc.) would be valuable information to further investigate the
immediate and long-term effects of toxicity and compositional shift to better predict the
dynamics of recovery.
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There are no clear criteria for determining recovery of a system (Adams et al. 2005), but
the measures used here are similar to those used in previous studies (Kubach et al. 201 1 , Favata
et al. 2018). However, assessing recovery remains difficult because while these metrics appear
reasonable, there were instances of conflicting results. When assessing the mechanisms of
recovery by changes in length distributions, an increase in size reflects differential recruitment of
adults and a decrease wouJd represent differential recruitment ofjuveniles into the disturbed site.
Because I observed both cases across species with no consistency across sites, this suggests that
size distributions may not be the most appropriate variable to assess mechanisms of recovery. It
is possible that the shifts in size distribution at the disturbed sites are a reflection of the
population status within a stream rather than just a specific location. High interannual variation
in recruitment may explain why it took a few years to achieve recovery (Goto et al. 2014),
suggesting that successful reproductive years need to accumulate for most species to sufficiently
recover. Additionally, distance between the disturbance and recruitment sites and time of the
disturbance relative to the life history of fishes may contribute to the variability observed in these
results but is difficult to discern without additional sites and corresponding data.

Management Recommendations
Pre-disturbance data was critical to assessing stream recovery, illustrating the necessity of
regular stream monitoring; efforts should be made to monitor as many stream systems as
possible to provide reasonable benchmarks (Buckwalter et al. 2018). Without valid pre
disturbance data, there would be no prior knowledge of the original system's structure or
dynamics. Across all metrics, 36 months appears to be when post-disturbance compositional
shifts reached a level of relative stasis. Therefore, I recommend stream monitoring for at least
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three years following a disturbance at regular intervals to ensure a clear recovery trajectory. If,
after three years, the system has not achieved sufficient recovery, it should be targeted for active
remediation efforts. Additionally, attention should be directed towards sites that experience a
greater frequency of disturbance as they appear less able to recover.
Knowledge of a stream's natural recovery dynamics will provide insight for determining
how to most appropriately handle a disturbance event. If streams are continually monitored
before and after perturbations, predictive indices can be formulated to better predict how a
system will most likely respond after a disturbance. A better understanding of recovery
dynamics of a system can then be formed, of which knowledge is severely lacking (Pedley and
Dolman 2014, Thomas et al. 2015). Accordingly, fisheries managers may better assess stream
systems that will need active restoration efforts so that the type of restoration protocol
implemented will benefit that particular system the most effectively (Hanna et al. 2018).
Further, assessing similar metrics in restorations will provide fisheries managers with the ability
to evaluate the successfulness of implemented restoration efforts. As a result, proper strategies
can

then be implemented in the use of restoration efforts to ensure that time and resources are not

wasted.

26

Table I . Site specific information for each disturbed and undisturbed stream. Information
acquired from the Illinois Department ofNatural Resources and the Illinois Natural History
Survey.

Coordinates
Site

(latitude/

Average
County

(JL)

longitude)

stream
width (m)

39.30726/-

Hurricane Creek

Drainage

area (km2)

disturbance

downstream

source (km)

limit (km)

Reference

Reference

Site

Site

8-8.5

147.5

Iroquois

12-22

436.6

23.4

9.1

Iroquois

1.5-5

45.6

1.0

31.5

Coles

8.5-15

259.6

9.5

5.5

Coles

4.5-11

171.7

5.5

8.5

Coles

4.5-11

171.7

2.9

0.08

Champaign

5-10.5

1 16.2

9.8

5.6

McLean

1.5-6

56.1

1.6

13.9

40.9723/Beaver Creek (BC)

Distance to

Cumberland

88.13906

(HC)

Distance to

87.75125

Hooper Branch

40.971617/-

(HB)

87.560917

Kickapoo Creek

39.46252/-

(KC)

88.193 15
39.47619/-

Riley Creek l

88.20609

(RC l )

39.47619/-

Riley Creek 2

88.20609

(RC2)
Lone Tree Creek

1

(LT l )

40.36082/88403897

Lone Tree Creek 2
Not available
(LT2)
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Table 2. Specifics of each site and its corresponding disturbance(s). Data acquired from the
Illinois Department ofNaturaJ Resources Division of Fisheries' report of pollution-caused fish
kill for each specified disturbance.

Site

Hurricane
Creek

Range

July 1996 - July
201 1

Date of Kill

Type ofKill

Number of

Distance of

Fish Killed

Kill (km)

None - Reference site (Sampling distance: 271

m)

Pre: Aug 1 994 Beaver Creek

Aug 2010
Post: Nov 2012
- Oct 2015

Hooper Branch

Swine waste

July 2012

discharge

32.94
148,283

(4,502
fish/km)

Pre: Sept 2003
Post: Nov 2012
- Oct 2015
Pre: July 1 996 -

Kickapoo
Creek

Sept 2000
Post: Aug 200 l
- July 201 1

Furfural

June 2001

(solvent)

259,220

fish/km)

Pre: July 1996
Riley Creek l

1 4.48
( 1 7,902

Post: July 2001
- Sept 2003

Waste water

Pre: Sept 2003
Riley Creek 2

Post: June 2004

October 2003

Creek

I &2

Pre: Aug 2008
Post: Oct 20 l 0 Oct 2015

7173

September

Dairy farm

2010

effluent

28

2.57
(2,79 1
fish/km)

plant effluent

- July 20 1 1

Lone Tree

treatment

1 8.54
40,044

(2,160
fish/km)

Table 3. Changes in species richness among all sites. Sites that had more than one sampling
event for pre-kill data, all species richness values were averaged to give one reference value.

Site

Beaver Creek
Hooper Branch
Kickapoo Creek
Lone Tree Creek
l
Lone Tree Creek

Pre-Kill

Immediately
After Kill

Last Sampling
Event

Percent Change
(Pre-Kill vs.
Last Sampling
Event)

33

23

38

15.2

20

15

22

10.0

24

17

27

12.5

34

7

13

-61.8

34

1

13

-61.8

20

15

28

40.0

28

27

22

-21.4

2

Riley Creek 1
Riley Creek 2
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Table 4. Top five species in each site along with results from the Mann-Whitney U tests for each
species in each site. Comparisons between median length distributions of sampling events
before the kill and approxjmately a year after the disturbance for each species. Asterisks indicate
significance after accountjng for multiple comparisons.
Sites/Soecies

Median Len2th Before

Median Len2th After

T-statistic

P-value

Hurricane Creek
Sand Shiner
Bluntnose Minnow

44.5

46
49

102540
4970

0.0056

44.5

Spotfin Shiner

54.5

53.5

10973

0.6141

Silverjaw Minnow

54.5

54.5

12209

0.4146

Central StoneroUer

64.5

36

15845

<0.000 1 *

54.5
132

63

76

0.9791

Bluegill

90

25.5

0.2607

Spotfin Shiner

54.5

360

0.0717

Bullhead Minnow

67

30
44

13

0.1 164

Mosouito Fish

34.5

24.5

2196

<0.000 1*

0.3712

Beaver Creek
Bluntnose Minnow

Hooper Branch
Common Carp

147

120

2752

<0.0001*

Bluegill

80

5781.5

0.0002•

Largemouth Bass

74.5
314. 5

101

25

0.0821

Green Sunfish

81

93

83

0.0354

Lon2ear Sunfish

0

70

NA

NA

50
47

44.5
54.5

5673

0.0077

Spotfin Shiner

1015

<0.0001 *

Silverjaw Minnow

63

44.5

1058

<0.000 1 •

Steelcolor Shiner

56

2552

0.0026

1296.5

<0.000 1 •
<0.000 1 *

Kickapoo Creek
Sand Shiner

Bluntnose Minnow

56

64.5
44.5

Riley Creek l
Bluntnose Minnow

57

44.5

1040

Silverjaw Minnow

67

54.5

568

<0.000 1 *

Spotfin Shiner

0

54.5

NA

NA

Sand Shiner

50

54.5

129

0.822

Steelcolor Shiner

56.5

64.5

444

0.0060

Central Stoneroller

54.5

54.5

13766

<0.000 1 •

Spotfin Shiner

81

54.5

28874

<0.000 1 •

Bluntnose Minnow

64.5
64.5

31608
1 100

0.1331

Sand Shiner

54.5
54.5

Steelcolor Shiner

54.5

64.5

1 1972

<0.000 1 •

Sand Shiner
Tadpole Madtom

54.5

1244300
NA

NA

Suckermouth Minnow

40

54.5
0
64.5

0

<0.0001 *

Bluntnose Minnow

64.5

24.5

11316

<0.0001 *

Strioed Shiner

134.5

24.5

21622

<0.000 1*

Striped Shiner

134.5

24.5

30017

<0.0001 *

Sand Shiner

54.5
127

56

1 14

0.7225

24.5

556

<0.000 1 •

64.5

24.5

133.5

38

2024
31

<0.0001 *
0.181 l

Riley Creek 2

<0.000 1 •

Lone Tree Creek 1
0

<0.0001*

Lone Tree Creek 2

Creek Chubsucker
Bluntnose Minnow
Yellow Bullhead
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ASSESSMENT OF STREAM RESTORATION EFFORTS ON FISH COMMUNITIES

ABSTRACT
To mitigate deteriorated streams and rivers, restoration efforts have been increasingly
employed since the 1 980s. Such habitat improvements should lead to higher fish diversity,
improve recreational opportunities, and mitigate the impacts of anthropogenic damage and
climate change. I evaluated the success of stream restoration on fish community in Kickapoo
Creek in central Illinois. The stream had two branches (east and west) with an upstream and
downstream site in each branch. Data analysis included pre- and post-restoration comparisons of
species richness, fish density (catch per unit effort), and index of biotic integrity (IBI) and used
non-metric multidimensional scaling (NMS) to visually compare compositional shifts. I found
species richness and fish density slightly increased after restoration and is continuing to increase.
Biotic quality remains relatively consistent throughout all sampling. Generally, pre-restoration
samples had little shift in species abundance prior to remediation. All restoration sites displayed
large-scale changes in species abundance, both increases and decreases, and variable
colonizations and extinctions as a result of restoration. Both east branch restoration sites
experienced increases in abundance for almost all species following restoration. Both east and
west control sites exhibited minimal shifts in composition during pre-restoration sampling.
However, composition following restoration varied dramatically between all sampling events
with large compositional shifts occurring through the last sampling event. Both downstream
restoration sites had similar patterns with pre-restoration composition changing directionally
throughout sampling events. However, there was considerable compositional overlap in the
downstream restoration sites. The large amount of variation in this data suggest that this
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restoration was only moderately effective, at least to date. Additionally, such information will
help fisheries managers to better predict whether a proposed restoration project will be
successful based on previous data.

INTRODUCTION
Aquatic systems are subjected to disturbances of various types, including natural and
anthropogenic (Bash and Ryan 2002), or can deteriorate due to accumulating unfavorable
conditions, including receding banks, decreasing riparian vegetation, and disrupted flow patterns.
Overexploitation, pollution, and habitat destruction have resulted in declines in freshwater
biodiversity (Thompson et al. 2018) causing compositional shifts in fish assemblages. To
mitigate deteriorated streams and rivers, restoration efforts have been increasingly employed
since the 1980s (Whiteway et al. 20 I 0).
Restoration efforts can be either passive (removal of damaging source) or active (actions
implemented to mitigate harmful effects) (Rey Benayas et al. 2009, McCrackin et al. 2017, Meli
et al. 2017). Examples of active restoration methods, particularly habitat improvement to allow
the fish assemblage to recover, include the installation of weirs, deflectors, cover structures,
boulders, and riparian vegetation (Roni et al. 2002, Whiteway et al. 20 l 0). These physical
structures increase water levels, regulate flow, prevent bank erosion, reconstruct meandering
streambeds, trap organic material, and provide shade. Such habitat improvements should
therefore lead to higher fish diversity, improve recreational opportunities, and mitigate the
impacts of anthropogenic damage and climate change (Nilsson et al. 2017).
Restoration assists the recovery of an ecosystem that has been damaged, typically due to
anthropogenic causes, with the goal of returning the system to the state prior to degradation (Rey
Benayas et al. 2009). Stream restoration projects have the potential to increase an aquatic
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system's resistance to deterioration from factors such as channelization and mine drainage
(Hashim and Jackson 2009). Successful restorations may improve a system's resistance to one
time or repeated disturbances or increase the resilience to quickly recover from a perturbation;
for example, by increasing connectivity that is otherwise sacrificed by continued habitat
degradation (Campbell et al. 2018). Restorations may also act as disturbances themselves,
especially when implemented inappropriately, because they disrupt stream substrates, vegetation,
and water flow (Davidson and Eaton 2013). Therefore, it is critical to document the success of
restorations to ensure that the stream conditions are not worsened by restoration activities.
Fish have been identified by biologists as a key indicator to reflect biotic response to
river restorations (Schmutz et al. 2016). Therefore, stream aspects that are important to consider
when planning restoration projects include water quality, fish species composition, riparian and
in-stream habitat, connectivity, and flow rates. It is necessary to fully understand the
innerworkings of a fish assemblage to be able to choose the actions that target the range of
environmental conditions occurring naturally in a watershed to allow for it to support a more
diverse biotic community (Roni et al. 2002). Oversimplification of a system's dynamic can
result in restorations implemented with the best of intentions can fail to achieve desired results or
cause further damage due to the lack of complete understanding of a system (Krievins et al.

2018).
Restorations are rarely monitored after they are implemented, and as a result, the
mechanisms underlying successful restorations are poorly understood (Rey Benayas et al. 2009,
Hockendorff et al. 2017). In a meta-analysis of 37,000 restoration projects across the United
States between 1990 and 2003 (Bernhardt et al. 2005), only about 20% received post-restoration
monitoring. Post-restoration monitoring is necessary to determine restoration techniques that are

37

most or least effective and to provide resource managers with direct feedback for local systems.
Based on the restoration results, this feedback is an opportunity for adaptive management leading
to improved management of aquatic resources (Bash and Ryan 2002). Restoration actions that
are chosen without regard to the biological context of watershed site will often result in failure,
benefitting one or a few species, but not the majority of the fish community (Beechie and Bolton
1992, Roni et al. 2002). Not surprisingly, meta-analyses have found lack of improvement in the

majority of stream restorations (Stanford et al. 20 1 8). Consequently, much of the $1 billion
invested annually in restoration projects (Martinez and Walther n.d.) is producing sub-optimal
results.
This study focuses on the comprehensive multi-site restoration project comprising of2.82
km

of collective restored area of a deteriorated stream in central Illinois, USA. I determined the

restoration project's level of success or failure by assessing the persistence of the system's
changes in: 1) quality and density of fish, 2) shifts in community composition, and 3)
improvement of indices of community quality. Such information is invaluable for fisheries
managers because it provides insight into the success of a restoration project so that restoration
protocol may be improved.

METHODS

Study Site and Sampling
This study investigated the restoration project of Kickapoo Creek, McLean County,
Illinois. Kickapoo Creek is among the most diverse streams of the Sangamon River basin with
60 fish species and 23 mussel species. Because of this diversity, the Jllinois Department of
Natural Resources has designated Kickapoo Creek as a "Biological Significant System" for
Illinois. For this study, restoration in two branches (east and west) of Kickapoo Creek were
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investigated. Within each branch, there was an upstream (EU and WU) and downstream (ED
and WO) restoration site and a control site upstream of both restoration sites. The east and west
branch control sites (EC and WC) were

1 . 1 4 km and 0.48 km upstream of the restored reaches,

respectively.
Pre- and post-restoration data were available for all sites, and a sampling event also
occurred during construction activities associated with the restoration. This system was
monitored for almost four years prior to the restoration and about five years after the completion
of the project (Table I). The project restored I .63 km of the east branch and
branch of Kickapoo Creek. Restoration occurred from

1 . 1 9 km of the west

2008-201 1 ; however, construction

activities varied among sites throughout the three-year period in a three-phase project plan
(Table 2). Plant species like sweet flag (Acorus ca/amus), water willow (Justicia americana),
marsh mallow (Althaea officinalis), sedges (Carex spp.), rushes (Juncus spp.), and others were
added to the stream corridor for vegetation diversity along with the incorporation of wetlands to
intercept run-off. At the completion of the project, there were 35.6 hectares of restored prairie, a
reconnected floodplain, eight wetlands, nearly

3.2 km of re-meandered stream channel, a two

stage ditch demonstration, and 25 riffles.
Fish collection methods were performed using backpack electrofishing for various
sampling times. Sites were sampled annually before restoration construction started and once
while restoration was in progress. After restoration, sampling events increased to twice a year
separated by a couple of months. All sampling events occurred between May and October each
year. To standardize data sets centered on when restoration occurred for each location,

I

reported all time as either months before the restoration (negative) or after the restoration
(positive). Month zero represents the sampling event during restoration construction. From the
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fish collected, community metrics, including fish density (catch per unit effort (CPUE)), species
richness, and index of biotic integrity (IBI), were determined. According to Jimenez et al.
(1 997), IBI consists of metrics that reflect fish species richness and composition, number and
abundance of species, trophic organization and function, reproductive behavior, fish abundance,
and condition of individual fish.

Data Analysis
To determine compositional shifts within the sites, non-metric multidimensional scaling
(NMS) ordination was conducted in three-dimensions on log I 0 + l transformed data using PC

ORD (McCune and Grace 2002). NMS is an ordination based on ranked distances between
samples and is highly suitable for ecological data that typically contain numerous zero values
(Muotka et al. 2002). Species that occurred fewer than four times across all sampling events
were removed from this analysis as uninformative. To assess the rate of compositional changes,
Euclidean distances between NMS coordinates for adjacent times were determined for each site.
To assess direct recovery of composition, log I O + I transformed CPUE data were
analyzed to determine loss and gain of species as a result of the restoration. As stated
previously, restorations are essentially a disturbance event due to the extensive construction that
may be warranted for effectiveness. Because of the apparent achievement of stasis at

36 months

post-disturbance in local systems in the previous chapter and previous in Favata et al. (20 18), I
chose that time to assess compositional changes via restoration. To do this, I plotted species
abundances of the last pre-restoration sampling event for each site versus the post-restoration
data closest to

36 months post-restoration for all restored sites.

Another comparison was done

for the controls between the last pre-restoration sample and the sampling event closet to
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36

months after restoration to assess compositional changes unrelated to restoration activities.
Since there were no restoration efforts in the control sites, the sampling event closest to the
beginning of the first restoration time period was chosen as the last sampling event for the pre
restoration range for this analysis.
Additionally, the first and last sampling event prior to restoration was plotted for
restoration and control sites to determine the magnitude of compositional shifts before any
restoration efforts. In both of these analyses, any data point above the l : 1 1ine represents an
increase in species abundance and any data point below the line represents a decrease.
Furthermore, data points on the y-axis line indicated a new species colonization and data points
on the x-axis line represented an extinction event of a species that was present before the
restoration. Association between the two temporal samples (last sampling event prior to
restoration and the sampling event closest to

36 months post-restoration) was assessed with

Pearson correlation on log I 0 + 1 data.

RESULTS

Community Metrics
Species richness experienced large shifts throughout the sampling events; however, shifts
were markedly greater after restoration for both branches (Figure l ). There was an initial
decrease in richness immediately after restoration for restoration and control sites, except in both
upstream restoration sites, followed by a variety of shifts. Initially, richness in the WU site
stayed about the same while the EU site increased dramatically. Additionally, restoration sites in
the east branch were consistently higher in richness than the west branch, but both control sites
consistently remained almost equivalent to each other. All sites had hjgher richness at the end of

41

post-restoration sampling and appear to maintain a trend of increasing richness through the last
sampling events (past 36 months).
Fish density (CPUE) maintained minimal shifts in all sites and were of similar levels
(<1,500 fish/hour) prior to restoration; however, ED had a slight increase in CPUE about 12
months prior to restoration but then returned to background values. After restoration, fish
density increased dramatically in restored sites, with the highest point three years post
restoration for both east branch sites (-6,350 fish/hour) and 1-2 years for the west branch sites
(upstream = -2,500 fish/hour; downstream = -4,500 fish/hour). Like the response of species
richness, fish density in control sites was distinctly lower in both branches than in treatment sites
and remained relatively equivalent to each other. After restoration, the east branch maintained
greater CPUE values than the west branch.

In restored

sites, the last sampling events for the

west branch indicate that CPUE is on an increasing trend, while the east branch appears to be
decreasing.
Pre-restoration

IBI

values remained relatively similar among all sites with minimal

temporal changes. All sites decreased in 181 values immediately after restoration except for
upstream restoration sites, which either increased or stayed the same.

IBI also

experienced large

temporal shifts after restoration, especially in the west branch. However, post-restoration shifts
in

IBI

were less than species richness in restored sites but were slightly greater than variation in

richness of control sites. Also,

IBI

did not appear to be as distinctly different between branches

for treatment and control sites as seen in species richness and fish density.
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Individual Species Response

The species abundances of all sites were significantly correlated (p-value < 0.05) between
the two temporal samples (pre- and post-restoration). As expected, the WC site experienced
little variation in fish abundances both during the pre-restoration range and for 36 months post
restoration (Figure 2). There was only one extinction (species on the x-axis) in each period (pre
restoration - Nocomis biguttatus (Homeyhead Chub); post-restoration - Cyprinella lutrensis (Red
Shiner)) and one pre-restoration colonization (species on the y-axis) (Catostomus commersonii
(White Sucker)) and two post-restoration colonizations (Fundulus notatus (Blackstripe
Topminnow) and Notropis dorsalis (Bigmouth Shiner)). The EC site was only similar to the WC
site in that they both maintained little variation in abundance prior to restoration. The pre
restoration range for EC experienced two extinctions (Bigmouth Shiner and Ameiurus natalis
(Yellow bullhead)) and two colonizations (Pimephales notatus (Bluntnose Minnow) and
Lepomis cyanellus (Green Sunfish)). However, most species in the EC decreased in abundance

after restoration, with only one colonization (Fundulus notatus (Blackstripe Topminnow)) and
five extinctions (Bluntnose Minnow, Green Sunfish, Etheostoma nigrum (Johnny Darter),
Luxilus chrysocephalus (Striped Shiners), and White Suckers). In general, the species that had a

higher abundance prior to restoration and then went extinct after remediation efforts, included
Johnny Darters and Striped Shiners.
For restorations sites, the average number of colonizations and extinctions during pre
restoration samples were four and 1 .25, respectively. Post-restoration samples were remarkably
consistent at four colonizations compared to pre-restoration values but almost 2.5 times higher at
three extinctions. Interestingly, extinctions in restored reaches were not limited to only rare
species, and colonizations were not restricted to species with small abundances. For instance,
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the EU site had the highest abundance of all sites for the Bigmouth Shiner which colonized
following restoration. This species was represented by 440 individuals 36 months post
restoration. Almost all instances of dramatic abundance increases were attained by cyprinids,
including Notropis ludibundus (Sand Shiner), Bluntnose Minnow, and Red Shiner. Additional
species that changed remarkably in abundance after restoration were the Blackstripe Topminnow
(Fundulidae, increase) and Green Sunfish (Centrarchidae, decrease).
Generally, pre-restoration samples had little shift in species abundance prior to
remediation, remaining relatively close to the 1 : 1 line. On the other hand, all restoration sites
displayed large-scale changes in species abundance, both increases and decreases, and variable
colonizations and extinctions as a result of restoration. In the WD site, restoration activities
accentuated species abundances, with low abundance species decreasing and more dominant
species increasing. For example, Ambloplites rupestris (Rock Bass) and Lepomis macrochirus
(Bluegill) had lower abundance prior to restoration and went extinct within 36 months of
restoration. In contrast, Johnny Darters were initially higher in abundance and increased after
restoration. ln contrast, the WU site had little changes in response to restoration experiencing
relatively equivalent fluctuations across species. Both east branch restoration sites experienced
increases in abundance for almost all

species following restoration, with the highest number of

colonizations for all sites (treatment and control) at six at the EU site.

Compositional Response

There was marked compositional variation among sites (restoration and control) over the
observed period (Figure 3). Both east and west control sites exhibited minimal shifts in
composition during pre-restoration sampling. However, composition following restoration
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varied dramatically between all sampling events with large compositional shifts occurring
through the last sampling event, especially for the EC site. NMS revealed that both downstream
restoration sites had similar patterns with pre-restoration composition changing directionally in
vertical two-dimensional space throughout sampling events. The same pattern was displayed in
both upstream restoration site, but there was considerable overlap in the downstream restoration
sites. The WD site had slightly greater compositional shifts compared to the rest of the
restoration sites, with an exceptionally dramatic change occurring four years after restoration, but
then composition returned to a previous state. Ultimately, the last sampling event produced a
composition relatively close to that of pre-restoration. The ED site maintained about the same
degree of compositional changes after restoration as it appeared generally to return to its original
composition, but experienced a dramatic change in composition at the last sampling. Both
upstream restoration sites diverged from pre-restoration community composition, and maintained
these differences, unlike the downstream restoration sites. The EU site had very little
compositional changes before restoration, while the WU site exhibited extreme compositional
variation throughout the entire time sampled. Conversely, the EU site had dramatic
compositional shifts following restoration while the WU site had very small shifts. Both
upstream sites and ED appeared to have persistently different composition at the end of post
restoration sampling, with a composition continuing to change. WD was the only site that
approached its original composition.

DISCUSSION

The control sites varied considerably, making isolation of restoration effects difficult.
For richness and IBI, but not fish density, fluctuations in the control sites were simiJar to those of
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restoration sites. Changes in richness and IBI values for control sites seemed to mirror those of
treatment sites, particularly in both downstream sites. Additionally, control sites were
experiencing larger compositional shifts than treatment sites with a completely new community
generated in the EC site. As a result of this temporal variation, it is difficult to say whether any
of the changes seen in the restoration sites are directly due to restoration efforts.
It appears that the degree of restoration success varied among sites. It is difficult to say
whether the restoration as a whole was successful due to the amount of variation found in the
system. However, it appears that the restoration of the east branch was more successful than the
west branch. Within both upstream and downstream restored sites, species richness and fish
density were increased above pre-restoration conditions. IBI improved in the east branch as
well, but to a much smaller degree. Additionally, almost all species increased in abundance,
most dramatically in the EU site. Most important to restoration success, new species
composition was generated for both sites in the east branch. The west branch sites also
improved, but minimally. The integrity of Kickapoo Creek was known to be slowly declining
with an increased worry ofthe system's ability to withstand a planned further increase in
urbanization. However, ifthe patterns seen continue, the data project continuing improvement.
lncreased aquatic habitat complexity will result in increased fish biodiversity (Shumway
et al. 2007), justifying the habitat improvements involved in stream restoration. While there was
not much discemable variation within the compositional data as a whole, a handful of species
exhibited marked changes in their abundance after restoration. Among those species were a
number of cyprinids, which are known to be opportunistic colonizers and to have a large
tolerance range (Ross 2013, Glarou et al. 2019). In the EU site, the Bigmouth Shiner
experienced the highest colonization rate compared to any other species in all other restoration
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sites. Because there was only one recorded individual in a previous sampling event in that site
and about five collectively in the ED site prior to restoration, this suggests that this colonization
in Bigmouth Shiners was due to their migration from surrounding areas. This species prefers
moderately fast-moving streams (McCulloch 2003) and are typically found in riffles more often
than other habitats (Braaten and Berry Jr. I 997), which is the habitat the restoration now
provided. Other cyprinids, including the Sand Shiner, Bluntnose Minnow, and Red Shiner,
would also be considered opportunistic colonizers. These species experienced a marked increase
in individuals perhaps due to their shorter generation times and extended reproductive seasons.
These traits would allow for a rapid production of a large number of individuals to quickly
colonize the new, improved habitat. The EC site maintained a healthy population of Striped
Shiners, but they went extinct 36 months after restoration. Interestingly, the east branch
treatment sites acquire an increase in abundance for that species after restoration. This could
suggest that the Striped Shiners migrated from the control area downstream to the restored
habitat, which provides them with the habitat factors that their species desires: deeper pools,
gravel, and abundance of riparian plants to provide insects.
Blackstripe Topminnow, an insectivore, experienced dramatic increases in abundance
post-restoration in the WD and ED site. Because the vegetation added by the restoration would
increase the abundance of insects, food availability likely increased for the Blackstripe
Topminnow. Additionally, these species of fish, like others in its family and those in Cyprinidae,
prefer flowing waters, which was improved by the restoration efforts. Green Sunfish are another
very tolerant species but experienced dramatic decreases in abundance in the WO site. This
could be for a variety of reasons, including competition from less tolerant species. Regardless of
the mechanism, green sunfish are not a conservation concern.
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Due to the large temporal variation in the data, it is difficult to make any definitive
conclusions on restoration success. It was originally thought that this restoration had made
significant improvements to the integrity of the stream habitat and biota. However, a longer term
perspective does not appear to support this claim. Species diversity does appear to be increasing,
but this is occurring increasingly slowly. This slow rate may be a beneficial long-term because it
will allow the community and habitat to adapt to the increasing fish diversity without rapid
depletion of certain resources or excessive competition. In contrast, the lBI scores of the system
did not appear to improve, which indicates that stream is not improving in biotic quality. Most
of the dominated species are those that can tolerate a large range of habitats, specifically the
cyprinids. Those species that colonized to a moderate population size were not habitat
specialists. While the number of species increased, species richness remained relatively
constant. However, it does appear that the east branch restoration sites did improve marginally
more than the west branch restoration sites in all areas of analysis. This branch was the only one
to include heavy plantings, which suggests that this aspect of restoration may have been more
important than originally thought.
My results stress the importance of regular stream monitoring protocols to determine the
level of success for restoration projects because the knowledge on the worth of the investment
would otherwise have been speculative. The large amount of variation in this data suggest that
this restoration was only moderately effective, at least to date. There was no great increase in
biodiversity or biotic quality to indicate that the habitat improvements made the restoration
investment fully justified. However, it could be that the community needs more time to fully
adjust to the new environment and for slower colonizers to take full advantage ofthe diversified
habitat. Species richness and IBJ did experience large temporal changes initially, but does
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appear to be consistently increasing. Additionally, the dramatic early increases in fish density
may suggest that the restoration caused a boom in abundance that could not be supported in this
system. As a result, the community crashed in abundance and is now on an increasing trend
again where species are slowly increasing diversity of this system. An alternate conclusion
could be that the large amount of variation in this data reflects the complexity of the restoration
efforts and the interconnections of the habitats associated with the restoration.
Further monitoring of this system will determine if the composition will continue to
improve or go in an alternate direction. Knowing how long a system must be monitored to fully
understand the success of a restoration will generate critical thresholds to determine success.
Additionally, such information will help fisheries managers to better predict whether a proposed
restoration project will be successful based on previous data. Without that knowledge, time and
monetary investment may be wasted on restorations doomed to ultimately fail.
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Table

1 . Sampling ranges/dates before, during, and after the restoration project for Kickapoo

Creek (Sangamon Basin), IL. lnformation acquired from the Illinois Department of Natural
Resources and the Illinois Natural History Survey.

Site

Pre-restoration range

Post-restoration range

During restoration

West branch upstream

(WU)

August 2012 - August
June 2006 - July 201 I

October 201 1
2014

West branch
May 2005 - June 2008

October 2008

July 2009 - August 2014

June 2006- July 2009

October 2009

July 20 I 0 - August 2014

May 2005 - June 2008

October 2008

July 2009 - August 2014

downstream (WO)
East branch upstream
(EU)
East branch
downstream (ED)

Control/Reference range
West branch upstream
June 2006 - August 2014
control (WC)
East branch upstream
June 2006 - August 2014
control (EC)
Downstream reference
June 2007

(Pre) & July 201 l(Post)

(OR I )
Downstream reference
June 2007

(Pre) & November 2012 (Post)

(DR2) - 5.3km
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Table 2. Three-phase restoration project for Kickapoo Creek (Sangamon Basin), IL.

Phase

3

Phase 1

Phase

Site(s)

ED & WD

EU

WU

Year performed

2008

2009

20 1 1

Methods/Materials

Re-meandered

Re-meandered

Two-stage ditch with

channel (exaggerated

channel (constricted

riffles

width), flattened

width), steeper bank

bank slopes, heavy

slopes, accelerated

plantings

riffies with definitive

2

scour pools
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1000

WC

1000

100

100

0

0

0

0
10

10
A
A

10

1000

100

1000

1000

100

100

10

10

10

1000

1000

100

WO

10

100

1000

10

100

1000

10

100

1000

1000

A
A
A

100

100

A

0

0
A

10

A
A

10

A

10

100

0

Pre-restoration range

A

36 months post-restoration

1000

Figure 2. Log I O + I data transfonned of CPUE for the pre-restoration range (circles) and 36
month post-restoration (triangles) for all treatment and control sites. Pre-restoration range
involves the first pre-restoration sample versus the last pre-restoration sample. The 36-month
post-range comparison involved the last pre-restoration sample versus the sampling event closest
to 36 months after restoration. Some markers overlap.
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Figure 3. Two-dimensional NMS offish assemblage composition over time, starting from first prerestoration sampling event (-40 months) to the last post-restoration point. The point in which the two data
sets connect is the sampling event during restoration construction. Every data point before that point is
pre-restoration data and everything after is post-restoration data.
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GENERAL CONCLUSIONS
Disturbances to aquatic systems, anthropogenic or natural, will always be a threat to its
survival and maintenance of the status quo. The changing climate of the environment, either
abrupt or over time, to the ever growing and changing ways of urban society will continue to
impose impacts on fish assemblages. Fortunately, certain fish communities have the resilience
and resistance to accommodate for these situations and can recover back to a state of stasis of
nearly the same composition or to a different variation that could potentially be of better quality
than the original status. Accordingly, it is critical for fisheries managers and biologists to have a
comprehensive knowledge offish assemblage recovery, rather than the oversimplified
understanding that exists today. From a complete and more in depth understanding of recovery
dynamics, more efficient and satisfactory restoration protocols can be implemented based on
using educated predictions from previous ample recovery data.
My project has provided valuable insight towards a more robust understanding of
recovery assessment and restoration implementation. I have observed consistency with the study
performed by Favata et al. (20 18) in that after about 36 months post-disturbance, shifts in fish
composition reach a level of relative stasis. This is imperative knowledge when deciding how
long an fish community needs monitored after a disturbance to attain the entire scope of the
effects caused by a disturbance. Additionally, this project provides support towards the
importance of regular stream monitoring. Without the pre-disturbance data included in this
study, it would be nearly impossible to determine the initial conditions of the assemblage,
sacrificing the ability to fully appreciate the changes that were happening to fish composition,
fish density, and biotic quality due to a perturbation to the community. My project supplied the
idea that not all streams require remediation after a disturbance, especially ones that only
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experienced one and possibly even two separate events. The variety of stream sizes, disturbance
types, and disturbance frequency involved in this study allowed for more broadscale conclusions
to be extrapolated into present day. This study scope is unique to past literature that investigates
only one system with one type of disturbance. Therefore, due to the ability to generate
predictions based on thorough and regular stream monitoring among diverse systems and
situations, I suggest that the more time and money spent on monitoring, the less money that will
be spent on potentially costly and time-consuming restoration projects that may not be necessary.
It is especially important to know whether to restore or not when the construction required for
some of the restoration projects are as abrasive to the area as the one in this study for it to be
fully functional by completion.
Secondly, it is my suggestion that restorations are in dire need of consistent pre- and post
restoration monitoring to ensure that projects are in fact successful to an adequate level. This
restoration project was well thought out to the best of biologists' knowledge in regards to proper
protocol and implementation with little improvement to the stream as of2015. It is my
understanding that either the restoration methods utilized caused notable complexity in the
system or the methods implemented were not as appropriate for the system as originally thought,
based on previous knowledge of similar systems, that gave rise to the variability in results. Due
to the complexity of this project, I suggest continued monitoring of these restoration sites to
determine if the variability continues or if a level of relative stasis or marked improvement is
attained.
While my project employed broad scale analysis of each system's general innerworkings
in regards to fish assemblage structure, it provides important guidance towards areas of this
subject that require further investigation. This includes more in-depth analysis into specific
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species influence on community structure after a disturbance or restoration, disturbance analysis
to determine disturbance type and area impact influence on the system's ability to recover, and
the efficiency of individual and combined restoration methods. My project provides a new
approach to stream management, which is exceptionally important for current and future
biologists to further utilize and explore. Disturbance and habitat degradation are evidently
commonplace and needs to be confidently managed with a comprehensive scope of knowledge
towards fish assemblage structure, predicted recovery trends, and parameters constituting
restoration success.

56

LITERATURE CITED
Adamek, Z., J. Koneena, J. Podhrazska, L. Vsetickova, and Z. Jurajdova. 2016. Response of
small-stream biota to sudden flow pulses following extreme precipitation events. Polish
Journal ofEnvironmental Studies 25: 495-5 0 1 .
Adams, S. M., M . G . Ryon, and J. G. Smith. 2005. Recovery in diversity of fish and invertebrate
communities following remediation of a polluted stream: Investigating causal
relationships. Hydrobiologia 542: 77-93.
Albanese, B., P. L. Angermeier, and J. T. Peterson. 2009. Does mobility explain variation in
colonisation and population recovery among stream fishes? Freshwater Biology 54:

1444-1460.
Bash, J. S., and C. M. Ryan. 2002. Stream restoration and enhancement projects: Is anyone
monitoring? Environmental Management 29: 877-885.
Braaten, P. J ., and C. R. Berry Jr. 1 997. Fish associations with four habitat types in a South
Dakota prairie stream. Journal of Freshwater Ecology 1 2 : 477-489.
Beechie, T., and S. Bolton. 1 992. An approach to restoring salmonid habitat-forming processes
in Pacific Northwest watersheds. Fisheries Habitat 24: 6-15.
Bernhardt, E. S., M. A. Palmer, J. D. Allan, G. Alexander, K. Barnas, S. Brooks, J. Carr, S.
Clayton, C. Dahm, J. Follstad-Shah, D. Galat, S. Gloss, P. Goodwin, D. Hart, B. Hassett,
R. Jenkinson, S. Katz, G. M. Kondolf, P. S. Lake, R. Lave, J . L. Meyer, T. K. O'Donnell,
L. Pagano, B. Powell, and 0. Sudduth. 2005. Synthesizing U.S. river restoration efforts.
Science 308: 636-637.
Broadway, K. J., M. Pyron, J. R. Gammon, and B. A. Murry. 2015. Shift in a large river fish
assemblage: Body-size and trophic structure dynamics. PLoS ONE 10: 1-16.

57

Buckwalter, J. D., E. A. Frimpong, P. L. Angenneier, and J. N. Barney. 2018. Seventy years of
stream-fish collections reveal invasions and native range contractions in an Appalachian
(USA) watershed. Diversity and Distributions 24: 2 1 9-232.
Burdon, F. J., M. Reyes, A. C. Alder, A. Joss, C.

Ort, K. Rasanen, J. Jokela, R. I.

L. Eggen, and

C. Stamm. 2016. Environmental context and magnitude of disturbance influence trait
mediated community responses to wastewater in streams. Ecology and Evolution 6:

3923-3939.
Campbell, T., J. Simmons, J. Saenz, C. L. Jerde, W. Cowan, S. Chandra, and Z. Hogan. 2018.
Population connectivity of adtluvial and stream-resident Lahontan cutthroat trout:
Implications for resilience, management, and restoration. Canadian Journal of Fisheries
and Aquatic Sciences 76: 426-437.
Davidson, S. L., and B. C. Eaton. 2013. Modeling channel morphodynamic response to
variations in large wood: Implications for stream rehabi litation in degraded watersheds.
Geomorphology 202: 43-50.
Ensign, W. E., K. N. Leftwich, P. L. Angenneier, and C. A. Dolloff. 1997. Factors influencing
stream fish recovery following a large-scale disturbance. Transactions ofthe American
Fisheries Society 126: 895-907.
Favata, C. A., A. Maia, M. Pant, V. Nepal, and R. E. Colombo. 2018. Fish assemblage change
following the structural restoration of a degraded stream. River Research Applications

34: 927-936.
Glarou, M., A. Vourka, L. Vardakas, A. Andriopoulou, N. Skoulikidis, and E. Kalogianni. 2019.
Plasticity in life history traits of a cyprinid fish in an intennittent river. Knowledge &
Management of Aquatic Ecosystems: 1-13.

58

Goto, 0., M. J. Hamel, J. J. Hammen, M. L. Rugg, M. A. Pegg, and V. E. Forbes. 2014.
Spatiotemporal variation in flow-dependent recruitment of long-lived riverine fish:
Model development and evaluation. Ecological Modelling 296: 79-92.
Haase, P., D. Hering, and S. C. Ja. 2013. The impact of hydromorphological restoration on river
ecological status: a comparison of fish, benthic invertebrates, and macrophytes.
Hydrobiologia 704: 475-488.
Hanna, 0. E. L., S. A. Tomscha, C. Ouellet Dallaire, and E. M. Bennett. 2018. A review of
riverine ecosystem service quantification: Research gaps and recommendations. Journal
of Applied Ecology 55: 1299- 1 3 1 1 .
Hashim, R. and Jackson, D. C. 2009. Fish assemblages in streams subject to anthropogenic
disturbances along the Natchez Trace Parkway, Mississippi, USA. Tropical Life Sciences
Research 20: 29-47.
Hockendorff, S.,

J. D. Tonkin, P. Haase, M.

Bunzel-Drilke, 0. Zimball, M. Scharf, and S . Stoll.

2017. Characterizing fish responses to a river restoration over 2 1 years based on species'
traits. Conservation Biology 3 1 : 1098-1 1 08.
Jimenez, G., Z. Paroush, and 0. Ish-Horowicz. 1 997. Index of biotic integrity (IBI). Genes &
Development 1 1 : 3072-3082.
Krievins, K., R. Plummer, and J. Baird. 2018. Building resilience in ecological restoration
processes: A social-ecological perspective. Ecological Restoration 36: 195-207.
Kruk, A., M . Ciephicha, G. Zi«rba, D. Blonska, S. Tybulczuk, M. Tszydel, L . Marszal, B. Janie,
D. Pietraszewski, M. Przybylski, and T. Penczak. 2017. Spatially diverse recovery

(1 986-20 12) offish fauna in the Warta River, Poland: The role of recolonizers'
availability after large-area degradation. Ecological Engineering 102: 6 1 2-624.

59

Kubach, K. M., M. C. Scott, and J. S. Bulak. 20 1 1 . Recovery of a temperate riverine fish
assemblage from a major diesel oil spill. Freshwater Biology
Lamy, T., P. Legendre,

56: 503-5 18.

Y. Chancerelle, G. Siu, and J. Claudet. 2015. Understanding the spatio

temporal response of coral reef fish communities to natural disturbances: Insights from
beta-diversity decomposition. PLoS ONE
Martin, C. J. B., B. J. Allen, and C. G. Lowe.

10: 1-19.

2012.

Environmental impact assessment: Detecting

changes in fish community structure in response to disturbance with an asymmetric
multivariate BACI sampling. Bulletin, Southern California Academy of Sciences

1 1 1:

1 1 9-13 1 .
Martinez, A. E., and R. L. Walther. (unpublished). Approaches to stream restoration: Practices in
Missouri and Illinois. l - 3 1 .
Mccrackin, M. L., H. P. Jones, P . C. Jones, and D. Moreno-Mateos.

2017.

Recovery of lakes and

coastal marine ecosystems from eutrophication: A global meta-analysis. Limnology and
Oceanography 62:

507-5 1 8.

McCulloch, B.R. 2003. Update COSEWIC status report on the bigmouth shiner Notropis

dorsalis in Canada, in COSEWJC assessment and update status report on the bigmouth
shiner Notropis dorsalis in Canada. Committee on the Status of Endangered Wildlife in
Canada. Ottawa:

1-20.

McCune, B., and J. B. Grace.

2002. Analysis of Ecological Communities.

MjM Software Design,

Gleneden Beach, OR.
Mcintyre, P. B., A. S. Flecker, M. J. Vanni, J. M. Hood, B. W. Taylor, and S. A. Thomas. 2008.
Fish distributions and nutrient cycling in streams: Can fish create biogeochemical
hotspots? Ecology

89: 2335-2346.

60

Meli, P., K. D. Holl, J. M. R. Benayas, H . P. Jones, P. C. Jones, D. Montoya, and D. M. Mateos.
2017. A global review of past land use, climate, and active vs. passive restoration effects
on forest recovery. PLoS ONE 12: 1-17.
Muotka, T., R. Paavola, A. Haapala, M. Novikmec, and P. Laasonen. 2002. Long-term recovery
of stream habitat structure and benthic in vertebrate communities from in-stream
restoration. Biological Conservation

I 05: 243-253.

Murry, B. A., and J . M. Farrell. 2014. Resistance of the size structure of the fish community to
ecological perturbations in a large river ecosystem. Freshwater Biology 59: 1 55-167.
Nilsson, C., J. M. Sameel, D. Palm, J. Gardestrom, F. Pilotto, L. E. Polvi, L. Lind, D. Holmqvist,
and H. Lundqvist. 2017. How Do biota respond to additional physical restoration of
restored streams? Ecosystems 20: 144-162.
Nuttle, T., M. N. Logan, D. J. Parise, D. A. Foltz, J . M. Silvis, and M. R. Haibach. 2017.
Restoration of macroinvertebrates, fish, and habitats in streams following mining
subsidence: replicated analysis across 1 8 mitigation sites. Restoration Ecology 25: 82083 1 .
Pedley, S. M., and P . M. Dolman. 2014. Multi-taxa trait and functional responses to physical
disturbance. Journal of Animal Ecology 83: 1 542-1552.
Peterson, J. T., and P. B. Bayley. 1 993. Colonization rates of fishes in experimentally defaunated
warmwater streams. Transactions of the American Fisheries Society 122: 199-207.
Phillips, B. W., and C. E. Johnston. 2004. Fish assemblage recovery and persistence. Ecology of
Freshwater Fish 13: 145-153.
Pickett, S.T.A., and P. S. White. 1985. The Ecology ofNatural Disturbance and Patch Dynamics.
Academic Press, San Diego, CA.

61

Piller, K. R., and A. D. Geheber. 2015. Black liquor and the hangover effect: Fish assemblage
recovery dynamics following a pulse disturbance. Ecology and Evolution 5: 2433-2444.
Rey Benayas, J. M., A. C. Newton, A. Diaz, and J. M. Bullock. 2009. Enhancement of
biodiversity and ecosystem services by ecological restoration: A meta-analysis. Science

325: 1 1 2 1-1 1 24.
Roni, P., T. J. Beechie, R. E. Bilby, F. E. Leonetti, M. M. Pollock, and G. R. Pess. 2002. A
review of stream restoration techniques and a hierarchical strategy for prioritizing
restoration in Pacific Northwest Watersheds. North American Journal of Fisheries
Management 22: 1-20.
Ross, S. T. 2013. Ecology ofNorth American Freshwater Fishes. University of California Press,
Berkeley and Los Angeles, CA.
Schmutz, S., P. Jurajda, S. Kaufmann, A. W. Lorenz, S. Muhar, A. Paillex, M. Poppe, and C.
Wolter. 2016. Response of fish assemblages to hydromorphological restoration in central
and northern European rivers. Hydrobiologia 769: 67-78.
Schulz, U., and P. Costa. 2015. The effects of press and pulse disturbance by long and short-term
pollution on the fish community in the Sinos River, RS, Brazil. Brazilian Journal of
Biology 75: 36-44 .
Shumway, C. A., H. A. Hofinann, and A. P. Dobberfuhl. 2007. Quantifying habitat complexity
in aquatic ecosystems. Freshwater Biology 52: 1065-1076.
Stanford, B., H. Jones, and E. Zavaleta. 2018. Meta-analysis ofthe effects of upstream land
cover on stream recovery. Conservation Biology 33: 351-360.
Sundermann, A., S. Stoll, and P. Hasse. 201 1 . River restoration success depends on the species
pool of the immediate surroundings. Ecological Applications 2 1 : 1962-1971.

62

Thomas, G., A. W. Lorenz, A. Sundermann, P. Haase, A. Peter, and S. Stoll. 2015. Fish
community responses and the temporal dynamics of recovery following river habitat
restorations in Europe. Freshwater Science 34: 975-990.
Thompson, M. S. A., S. J. Brooks, C. D. Sayer, G. Woodward, J. C. Axmacher, D. M. Perkins,
and C. Gray. 2018. Large woody debris ''rewilding" rapidly restores biodiversity in
riverine food webs. Journal of Applied Ecology 55: 895-904.
Verdonschot, P. F. M., B. M. Spears, C. K. Feld, S. Brucet, H. Keizer-Vlek, A. Borja, M. Elliott,
M. Kernan, and R. K. Johnson. 2013. A comparative review of recovery processes in
rivers, lakes, estuarine and coastal waters. Hydrobiologia 704: 453-474.
White, P. S., and A. Jentsch. 200 1 . The search for generality in studies of disturbance and
ecosystem dynamics. Ecology 62: 399-450.
Whiteway, S. L., P. M. Biron, A. Zimmermann, 0. Venter, and J. W. A. Grant. 2010. Do in
stream restoration structures enhance salmonid abundance? A meta-analysis. Canadian
Journal of Fisheries and Aquatic Sciences 67: 831-84 1 .
Zamor, R. M., N . R . Franssen, C. Porter, T. M. Patton, and K. D. Hambright. 2014. Rapid
recovery of a fish assemblage following an ecosystem disruptive algal bloom. Freshwater
Science 33: 390-40 1 .

63

